with the technical assistance of Mae R. Palileo, RMT, Luz W. Esmele, RMT, Alejandro C. Caballero, RMT, and Rodel L. Leano, RMT SUMMARY Two-dimensional echocardiographic studies were performed in 293 patients with rheumatic heart disease who underwent open-heart mitral valve surgery during an 18-month period. Diagnostic confirmation of a left atrial thrombus was based on direct inspection of the left atrium during surgery and histopathologic examination. Two-dimensional echocardiographic recordings were reviewed. Of the 293 patients, 33 had left atrial thrombi by two-dimensional echocardiographic criteria. This diagnosis was confirmed at surgery and histopathologic study in 30 (specificity 98.8%). A thrombus was not found in three patients. In 21 other patients, left atrial thrombi were present but were not detected by two-dimensional echocardiography (sensitivity 58.8%). Ten of these 21 had thrombi in the left atrial cavity. In 11 patients, thrombi were located in the left atrial appendage, all of which were missed by two-dimensional echocardiography. Excluding these 11 left atrial appendage thrombi, the sensitivity of two-dimensional echocardiography for detecting left atrial cavity thrombi was 75.0%.
mended by the American Society of Echocardiography.21 Parasternal long-and short-axis views, the apical four-chamber view and apical long-axis view (right anterior oblique [RAO] equivalent) were obtained in real time in all patients. The images were recorded and stored on videotape at a rate of 30 frames/ sec using a Victor video cassette recording system (model CR 6060). The illustrations were obtained from Polaroid photographs of stop-action, singleframe scan images.
A left atrial mass was suspected whenever a conglomeration of echo densities was seen in left atrial cavity that persisted despite multiple alterations in gain and reject settings.22 A left atrial thrombus was suspected when the mass of densities showed any of the following characteristics: (1) a relatively well circumscribed, defined border; (2) some motion throughout the cardiac cycle; (3) demonstrable in two or more echocardiographic views taken in different anatomic planes, showing the constant and reproducible position of the echo mass in the left atrial cavity; (4) a surface attachment to the left atrial wall in at least one echocardiographic projection; or (5) an acoustic density of echo mass different from that of adjoining cardiac structures.
The videotape recordings (VTRs) from all the patients were reviewed by the same observer. The reviewing was done blindly. The date and identification numbers displayed in the top of TV screen were covered by a sheet of paper. A scoring system was used during the review of VTR. Each of the five echocardiographic characteristics suggestive of left atrial thrombus was given a score of 1 and the total obtained by each patient was summed.
Surgical Technique
All the patients were operated within 1 week after the 2-D echo recordings. A median sternostomy incision was used. After institution of cardiopulmonary bypass, elective ischemic cardioplegia was used by cross-clamping the ascending aorta. Moderate systemic (28°C) and local hypothermia were used for myocardial preservation. The left atrium was opened with a longitudinal incision along the interatrial groove. With the help of a malleable retractor, adequate exposure of the left atrial cavity was achieved and a careful search for thrombi was made, especially inside the atrial appendage. When the thrombus was present, its location, size, consistency and degree of organization was noted. The thrombus was completely removed, taking care to avoid fragmentation, and the specimen was immediately taken to the histopathologic laboratory.
Histopathologic Technique
The gross characteristics of the mural thrombi were noted and external and cut surfaces described. At 
Results

Surgical Findings
At surgery, left atrial thrombi were found in 51 patients. Clinical data of these patients are summarized in table 2. In 40 patients, the thrombi were located in the left atrial cavity. Besides the main thrombi, 21 of these 40 patients had associated thrombi in the left atrial appendage. In another 11 patients, the thrombi were confined solely to left atrial appendage.
The left atrial cavity thrombi were attached to the posterior and lateral walls of left atrium well above the mitral annulus in 34 patients. Some of these thrombi also extended to the superior and medial (septal) walls. Five patients had thrombi attached to left atrial walls just above the mitral annulus. In one patient, the thrombus adhered to the anterior and superior left atrial walls.
Pathologic Findings
The average size of the thrombus was 4 x 3 X 2 cm; the largest was 12 x 6 x 3 cm and the smallest 3 mm in diameter. Some thrombi consisted of a homogenous, dark red mass; others had pale gray lines inter- This correlation of 2-D echo score received by individual patients with their operative findings showed that the most reasonable cutoff point was a score of 3, which gave a specificity of 98.8% and sensitivity of 58.8%. Hence, presence of 2-D echo score of 3 or more was considered echocardiographically diagnostic for left atrial thrombus.
With this diagnostic criterion, a left atrial thrombus was diagnosed by 2-D echo in 33 patients, 30 of whom were confirmed to have had thrombi at surgery. The thrombi in these 30 patients were located in left atrial cavity with or without associated thrombi in the appendage ( fig. 1 ). Two-dimensional echocardiography failed to detect left atrial thrombi in 21 patients. This group included 10 who had left atrial cavity thrombi; the largest was 8 x 5 x 3.5 cm and the smallest 3 mm in diameter. In another 11, thrombi were limited to the left atrial appendage. Excluding these 11 patients with left atrial appendage thrombi, the sensitivity of 2-D echo for left atrial cavity thrombi is 75.0%.
Among the 10 patients with left atrial cavity thrombi with a false-negative diagnosis, four had small thrombi (less than 1 cm in diameter). Three patients had mural thrombi lining the posterolateral wall of the left atrium, with no part of the thrombus projecting into the left atrial cavity. Two patients had large spherical thrombi measuring 5.5 X 3 x 1.5 cm and 5 x 4 x 1 cm, respectively. One patient had a technically inadequate 2-D echo recording. The thrombus in this patient measured 8 X 5 x 3.5 cm.
The smallest thrombus that was correctly diagnosed by 2-D echo was 2 x 1.5 x 1.5 cm and the largest was 12 X 6 X 4 cm.
Echocardiographic Characteristics
The echo mass in 24 of the 30 patients with correct 2-D echo diagnosis had well-defined borders ( fig. 1 ). However, four patients had denser left atrial thrombi echoes compared with the aortic wall. Five thrombi had echo densities similar to the aortic wall.
Surprisingly, four of the eight patients with highly organized thrombi in histologic sections had an echo density lower than that of the aortic wall. Two patients had an echo density similar to the aortic wall and another had higher density than the aortic wall. One thrombus in the late stage of organization was located in the left atrial appendage and was not detected by 2-D echo. Discussion Only a few cases have been reported of left atrial thrombi detected successfully by 2-D echo. "6-9 These reports have originated from countries in which rheumatic heart disease is less common than coronary artery disease. For instance, in a major university hospital in the United States, left atrial thrombus was detected by 2-D echo in only one patient during a 4-year period.25 However, successful use of 2-D echo for imaging left ventricular thrombi has been reported more frequently.'6 26-29 Martin25 questioned whether atrial thrombi were as echo reflective as ventricular thrombi. He postulated that because of higher left ventricular pressure, thrombi in left ventricle tend to be more firm and echo reflective than the left atrial thrombus. Our experience indicates that this may not be the case. We see more cases of left atrial thrombi than left ventricular thrombi. This, we believe, is because we examine more cases of rheumatic heart disease by 2-D echo than of coronary artery disease. Over a period of only 1/½ years, we detected 30 in echocardiographic gain and reject settings is highly specific for left atrial thrombus if all five diagnostic criteria are present. A well-defined border of the echo mass is the most specific sign among the five diagnostic signs. None of our three false-positive cases had well-defined margins in their left atrial echo densities.
The left parasternal (long-and short-axis) views are the 2-D echo views of choice for the detection of left atrial thrombus. In these views, we could visualize thrombi in 28 of our 30 cases, whereas apical views (four-chamber and RAO equivalent) demonstrated thrombi only in 21 patients. We also noted that echo from the thrombus was better defined in parasternal views. The four-chamber view in particular was disappointing because of frequent ill-defined echoes seen in atrial cavities that were not present in other views.
In most cases, there were denser echoes from the surface of the thrombus than from its interior. Since the surface of the thrombus is of relatively recent origin, a newly formed thrombus is probably more We have included only rheumatic heart disease patients in the present study. Whether our findings will also be applicable to left atrial thrombi arising in other cardiac conditions, such as cardiomyopathy, is not known. We looked for 2-D echo signs of left atrial thrombus in every case of rheumatic heart disease. If this is not done, as is likely in a routine setting, sensitivity could be less than that we obtained.
We did not undertake left atrial angiography in this study; thus, we could not compare it with 2-D echo for sensitivity and specificity. However, previous reports4 S 8 indicate that the specificity and sensitivity of left atrial angiography for thrombi are comparable to those of our 2-D echo study. Hence, we believe that patients with rheumatic mitral stenosis need not undergo cardiac catheterization for demonstration of left atrial thrombi. The role of cardiac catheterization for levophase left atrial angiography in patients with clinical evidence of systemic embolism and a negative 2-D echo for left atrial thrombus is not known.
